The impact of different phases of shipment (at sea and at port) on two German white wines of two vintages and the lasting effects of the temperature regimes over time was investigated. The wines were subjected to three temperature programs-control (15 °C), linear increase (15 °C steadily increasing to 45 °C), and diurnal fluctuation (15 °C/40 °C)-in both movement and non-movement conditions. The wines were analyzed for chemical, physical and sensorial changes at one and eight months post-treatment. Changes in temperature and pressure were recorded within the bottles, which correlated with the temperature programs: +0.04 bar/°C in the linear increase program and +0.08 bar/°C in the diurnal fluctuation program. The oxygen levels in the headspace and in the wine were monitored during all of the treatments. The oxygen development in the bottles was similar between the diurnal and linear programs, and was found to be distinctive from the control program. The chemical analysis revealed that there were significant differences related to the experimental treatments of the wines for the following parameters: tartaric acid, free sulfur dioxide, total sulfur dioxide and percent cork weight loss measurements. Difference sensory testing found very few differences. After eight months storage, significant differences were found in the Diurnal Non-movement treatment compared to Linear Non-movement and control treatments, as well as Diurnal Movement and Control treatments for the 2014 Müller-Thurgau wine. Sensory descriptive analysis of the wines found that the wines could be differentiated by variety, but could not be distinguished according to experimental treatment after one month storage. These results indicate that wines of these types are more robust to shipping conditions than previously found.
Introduction


There are numerous stages of the enological process which have an impact on a wine's characteristics and overall quality. After bottling, several factors influence the wine quality including light exposure, humidity, oxygen, vibrations, temperature, pH, acidity and overall wine matrix [1] . The shelf life of a wine essentially begins at bottling, and from this moment the product is subject to quality deterioration [2] . The conditions that wine is subjected to during shipment can play a role in the loss of wine quality due to temperature changes, bottle movement and associated oxygen uptake. Wines can suffer from several chemical, organoleptic and physical defects when located close to the equator. While the wine is sitting in the transshipment phase, it is generally unprotected and therefore is subject to extreme differences between night and day temperatures-"diurnal fluctuations" [4] . Another study showed that in wine transportation across the USA, there can be temperature fluctuations of up to 21 °C in one day [5] . This has a significant impact on the wine quality, due to the expansion and contraction of the wine volume at these fluctuating temperatures. The thermal expansion of wine between 20 °C and 40 °C is up to 0.8% of the volume, or 0.3 mL for each Celsius degree in extreme cases such as wines with high residual sugar. The repeated expansion and contraction of a wine subjected to diurnal fluctuations can cause significant changes to the wine, since air will be expelled from the bottle as the wine warms, possibly to the point of cork movement, and then air will be drawn into the bottle as the wine cools, especially if the cork seal is compromised. This can result in an increased risk of oxidation of the wine, as well as a change in vapour pressure and carbon dioxide solubility [4] . It has also been shown that transportation can have an influence on wine quality due to movement: shipment in trucks cause vibrational frequencies between 2-5 Hz (120-300 rpm), which can cause significant damage to fragile products [6] . Vibrations can affect the wine's sensory attributes, because there is an impact on the sedimentation and the biochemical evolution [7] . It was shown that wines at higher vibration levels had lower propanol and isoamyl alcohol content, which indicates that minimizing the movement of a wine assists in retaining higher alcohols and overall wine aroma [7] . Another study [8] indicated that storage time and temperature are more important for oxygen permeation than mechanical movement.
A study on the impact of shipping wines across the USA showed that transportation can cause a bottle aging effect on wine of between 1 to 18 months when compared to wine stored at cellar temperatures [5] .
Wines submitted to high temperatures and fluctuating temperatures have been shown to be more sensorially impacted than wines kept at 0 °C or less [9] . The impact of shipping on the wine parameters varied with the temperature program and length of shipping period, but also depended on the wine matrix. It has been shown that the impact of transportation at higher temperatures was not detectable by a sensory panel for red wines, but the differences were more prominent for white wines [4] . Several common wine varieties were studied under various shipping and storage conditions: storage at 20 °C, 40 °C, a diurnal cycle between 20 °C and 40 °C, and a sample traveling in a car trunk in winter time [11] . Wines stored at higher temperatures were found to be significantly different from those stored at cellar conditions in terms of aroma profile. Specifically, tropical fruit and apple aromas were negatively correlated with rubber and diesel aromas according to the sensory analysis. For the wines stored at higher temperatures, reductions in esters and acetates occurred, as was expected as increased temperature expedited the aging process [11] . Wines in the higher temperature programs had aromas in the diesel, oxidized and rubber aromas, while wines at lower temperatures maintained their citrus, floral and tropical fruit aromas [11] .
This experiment was intended to investigate the impact of shipping conditions on two dry, white wines of different vintages. The impact of linearly increasing temperatures, such as those experienced during transport at sea, and diurnally fluctuating temperatures, such as those experienced while sitting at port, was investigated alongside the impact of movement of the bottles in comparison to typical cellar conditions: 15 °C without physical movement.
Materials and Methods
This experiment was performed on two white wines, both in bottle with natural cork closures: 2013 Weinheimer Sybillenstein Scheurebe Trocken (Rheinhessen) and 2014 Nussdorfer Herrenberg 
, and Diurnal-Movement (DM). STAR:0DDI submersible thermometer/ pressure readers (DST Milli-T, STAR:0DDI, Gardabaer, Iceland), or "data loggers", were used to record actual temperatures within 12 randomly selected bottles within each temperature program. Temperature and pressure readings were recorded every thirty minutes.
Oxygen Measurements
In-bottle oxygen levels in the headspace and wine were monitored using non-invasive oxygen sensor spots alongside a fiber optic oxygen meter (Fibox 3-Trace, PreSens GmbH, Regensburg, Germany). The Pst3 oxygen sensor spots (linearity range 0-50% oxygen, PreSens) were fixed to the inside of clear glass bottles with silicon glue (RS Components, Morfelden-Walldorf, Germany), taking care to avoid air bubbles. In total, 8 bottles were used for oxygen analysis, and each of these bottles had a sensor spot in both the headspace and in the wine; one sensor was placed 5 cm below the top lip to measure the headspace oxygen between the wine and the cork, and the other sensor was placed 12 cm from the bottom to measure the oxygen levels in the wine. Each variant was measured in duplicate for oxygen evolution.
The dissolved oxygen and headspace oxygen measurements in the wine and headspace were taken with the PreSens Oxygen Analyzer every day at noon. Oxygen bottles which were subjected to mechanical movement had recordings taken before and after the shaking period.
Chemical and Physical Analysis
After the wines were submitted to the simulated transportation temperatures, they were compared to the wines kept at standard cellar conditions (15 °C). Three wines from each treatment were sampled and analyzed by a Fourier Transform InfraRed (FTIR) Foss Machine. This analysis was performed by the Geisenheim Enology Lab according to standard procedures, and included measurements for pH, total acidity, alcohol, density, sugars and acids. Measurements of free and total sulfur dioxide (SO 2 ) were performed in triplicate for each treatment. The measurements were carried out using the flow injection analysis technique using a Foss FIAstar 5000 Analyzer (Rellingen, Germany). Samples from each treatment were analysed for color at 420 nm using a DR Lange CADAS 200 Spectral Photometer (Hach Lange GmbH, Dusseldorf, Germany, 1 cm cuvette). ASTM software (Standards on Color and Appearance Measurement, West Conshohocken, USA) was used to calculate the CIELab parameters L*, a* and b*. When the corks were removed from the bottles which were sampled for FTIR, SO 2 and colour analysis, they were immediately weighed. Then, the corks were dried in a drying oven (Ehret TK/L 4105, EHRET GmbH und Co.KG, Emmendingen, Germany) at 80 °C for 24 hours in order to determine the dry weight and cork moisture. 
Sensory Analysis
The wine treatments were compared sensorially one month after treatments using Triangle Tests with a panel of 13 to 14 expert judges and again after eight months with a panel of 11 to 14 expert judges. Wines were presented in a randomized order using three digit codes. The triangle test sheets were prepared using FIZZ software (version 4.46A, Biosystemes, Couternon, France).
A panel of 13 judges was trained to carry out a descriptive analysis of the wines as described by Lawless and Heymann [12] . The panel consisted of 4 females and 9 males of 10 different nationalities, ranging in age from 19 to 42 years old. The training occurred over 7 sessions and the descriptive analysis was carried out over 6 sessions. The list of aroma and mouthfeel standards and their preparations can be seen in Table 1 .
The judges were further trained through testing their ability to blindly identify the aroma standards by name. Different concentrations of the aroma standards were prepared in the following manner: the aroma standards prepared according to Table 1 were set as the high concentration; the medium concentration aroma standards were prepared using 20 mL of the high concentration standard and 10 mL wine; the low concentration standards were prepared using 10 mL of the high concentration standard and 20 mL of wine. These different concentrations were presented blindly to the panelists for each attribute, and the panelists were asked to rank the samples according to concentration. The judges were also tested on their ability to identify mouthfeel standards (acidity, sweetness, bitterness), and the same ranking tests were performed to identify different concentrations of these mouthfeel standards (prepared in the same manner as the aroma standards).
After the training sessions, the descriptive analysis of the 6 treatments for the 2 varieties in triplicate (36 samples total) was carried out. All attributes were rated on a 9 cm line scale marked with a 0 at the left end and a 9 at the right end. The wines were served at 15 ± 1 °C in ISO standard wine glasses (Schott Zwiesel, Zwiesel, Germany) and were tasted within less than 1 hour of pouring. The descriptive analysis sheets were prepared using FIZZ software (version 4.46A, Biosystemes, Couternon, France).
Statistical Analysis
All statistical analyses for the one month chemical and physical results were performed using R: A Language and Environment for Statistical Computing, Table 1 Sensory standards for descriptive analysis training.
Sensory standard Preparation
Citrus fruit 75 mL wine, infused with 7 pieces (1 cm 3 ) fresh grapefruit (with skin), 7 pieces (1 cm* 1 cm* 1 mm) fresh lemon zest for 1 hour. Burnt aroma 1 cm piece of elastic band, burnt and 1 match, struck.
Tropical fruit 75 mL wine, infused with 5 pieces (1 cm* 1 cm * 10 mm) fresh banana, 5 pieces (1 cm* 1 cm* 1 mm) canned lychee, 10 mL pineapple juice for 1 hour. 
Results
The resu measuremen for each of Two data lo the range o and therefor The results o temperature the planned in spite of ef daily decrea bottles were replaced aft temperature reached high in the Diurn the program was observed that there was a decrease in oxygen in the wine as the temperature increased. The trend of increased oxygen uptake in the wine when the bottles were subjected to movement was reinforced in both the LM and DM programs. The chemical and physical analyses examined several parameters of the wines which are shown in Table 2 . Table 2 reveals that there was a statistically significant difference between the Scheurebe and Müller-Thurgau wines related to density, alcohol, extracts, sugars, total acidity, specific acids, glycerin and sulfur dioxide levels, according to the Analysis of Variance performed on the measurements. These differences can be attributed to the differing composition of the grape varieties before the enological process. The ANOVA also revealed that the individual temperature and movement treatments had a statistically significant impact on the tartaric acid, free sulfur dioxide, total sulfur dioxide and percent cork weight loss measurements. After one month of storage, post-hoc analysis revealed differences in free sulfur among the samples was limited to the LNM variant, however after eight months storage, the free sulfur measurements showed significant differences among the Müller-Thurgau wines. Previously, differences in sulfur dioxide (free and total) were analyzed to determine if there were significant differences between wines which experienced cork expulsion and those which did not. No significant differences were detected after the one Tables 3-6 . Not many significant differences between the wines were revealed after one month. When evaluating the Scheurebe wines, the judges were able to distinguish the difference between the DM wine and the CNM wine, however no significant differences were found in the eight month tasting. For the Müller-Thurgau wines, the judges were not able to detect the difference 
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187 between any of the treatments when compared to the CNM wine or when comparing movement vs. non-movement wines within the same treatment for the first time point. The triangle tests showed significant differences for the Müller Thurgau after eight months of storage, mostly in comparison with the DNM treatment. Differences between the DM and the CNM were also noted. The descriptive analysis of the wines performed by 13 trained judges revealed a distinction between the Scheurebe and Müller-Thurgau wines. However, differences among wines within the same variety which were subjected to different treatments were not distinguishable using this method.
Discussion
These programs were designed to simulate different phases of the transport of wine in trans-equatorial conditions and to observe if a difference exists between a diurnal fluctuation of temperature (pumping effect) and a linear increase of temperature, both of which may be experienced in transport. Care was taken that both programs exerted the same amount of thermal energy on the wines. The pressure readings shown in Fig. 2 demonstrate that if the temperature is held steady, there is no increase in pressure in the bottles even if they are moved. Fig. 3 indicates that as the temperature increased, the pressure in the bottles also increased; specifically Day 1 and Day 6 of the Linear Increase program, there was an average temperature increase of 28 °C and a corresponding average pressure increase of 1.16 bar, or an increase of 0.04 bar per Celsius degree. This certainly agrees with literature, where previous reports have indicated that there is an expansion of liquid in the bottle with increasing temperatures [3] . It can also be seen the loss of pressure due to the expulsion of the corks later in the heating program. The movement of the bottles then had an impact on the average pressure. The Diurnal program created a higher rate of pressure increase, with the pressure increasing at a rate of 0.08 bar per °C overall. This is a larger pressure change than observed in the Linear Increase program, which indicates that the changes in pressure are more extreme in an environment where the temperatures are diurnally fluctuating. This is supported by previous research, which has shown that the changes in pressure are extreme during fluctuating temperatures due to "diurnal pumping" [4] . It is also noted that the movement does have an impact on the average pressure in the cooler part of the cycle which was when the bottles were shaken.
The oxygen levels within the wine bottles were also monitored throughout this experiment. It was shown in the Control Non-movement program that wines that were not exposed to increased temperature or movement showed a steadily decreasing level of oxygen in the headspace. This trend was accompanied by a corresponding increase in the oxygen level in the wine. This agrees with the literature, where it has been shown that the oxygen present in the headspace is taken up by the wine [10] . In the Control Movement program, it was observed that the movement of the wine caused a faster uptake of oxygen in the wine. There were higher final levels of oxygen within the wines in the CM program than the CNM program which can be attributed to the movement of the bottles. The shaking is allowing for faster incorporation of the headspace oxygen into the wine, resulting in higher wine oxygen levels in the Control Movement bottles than the Control Non-movement bottles by the end of the program. In both the Linear and Diurnal programs, it was observed that there was a decrease in oxygen in the wine as the temperature increased. This can be attributed to the fact that at warmer temperatures, the amount of oxygen which can physically be dissolved in wine decreases [13] . The trend of increased oxygen uptake in the wine when the bottles were subjected to movement was reinforced in both the LM and DM programs.
The chemical analysis of the wines revealed that there was a statistically significant difference between
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188 the Scheurebe and Müller-Thurgau wines related to density, alcohol, extracts, sugars, total acidity, specific acids, glycerin and sulfur dioxide levels, according to the Analysis of Variance performed on the measurements. This is the expected result, since the grape variety has a large impact on the overall matrix of a wine, and it is expected that wines made from different grape varieties will have different chemical parameters [14] . The variety did not have an impact on the pH or tartaric acid levels between the wines, which can be explained by the fact that both white wines came from the same region in Germany, where the pH is expected to be fairly high due to a relatively short growing season [14] . The variety also did not have an impact on the cork weight loss when the corks were dried, which can be perhaps attributed to the fact that the corks were of similar quality in both types of wine or to the short period of time which lapsed before the measurements were made. After eight months, variety did in fact have an impact on the cork weight loss measurements. The mean for the Scheurebe corks displayed a significantly greater average weight loss than the Müller-Thurgau. This can be explained in the fact that the corks remained intact and were subjected to greater wine saturation during the heat treatments than the Müller-Thurgau, which experienced drying in the temperature cabinet during the time when they were expelled. The ANOVA also revealed that the individual temperature and movement treatments had a statistically significant impact on the density, extract, sugar free extract, glycerin, tartaric acid, free sulfur dioxide, total sulfur dioxide and percent cork weight loss measurements. This is the expected result, indicating that bottles from the same treatment had the same chemical analysis and that bottle variation was not important enough to cause a statistically significant difference. In general, there are some trends which support the anticipated result of separation between Control Program wines and Linear and/or Diurnal Program wines. However, there was not significant evidence to indicate that there was a difference between wines which were moved vs not moved within the same program. Since several chemical and physical parameters changed when the wines underwent the treatments, these temperature and movement treatments had a significant impact on the wines matrix. A change in the wine matrix indicates that sensory parameters may have also been influenced, causing changes to the wine's perceived quality. The colour analysis of the 12 wine treatments indicated that there was a slightly higher colour intensity in all of the treated wines (CM, LNM, LM, DNM, and DM) in comparison to the Control Non-Movement wine (Figs. 6-8 ). It can be seen in these figures that the LNM, LM, DNM and DM wines have a higher intensity in the 380-530 nm range than the CNM wines, indicating an increased intensity in the yellow-brown visible range. This was the anticipated result, since the movement of the bottles is expected to introduce oxygen into the wine, and increased levels of oxygen in the wine have been shown to have an impact on wine colour, specifically via browning [1] . These results are expected to become more obvious as the wines age and undergo further browning.
Through the triangle tests performed by the panel of judges, not many significant differences between the wines were revealed. For the Müller-Thurgau wines, the judges were not able to detect the difference among any of the treatments when compared to the CNM wine or when comparing movement vs non-movement wines within the same treatment, which does not agree with previous studies. However, when evaluating the Scheurebe wines, the judges were able to distinguish the difference between the Diurnal Movement wine and the CNM wine. This is an expected result, since it has previously been shown that wines which are submitted to transportation conditions, including diurnally fluctuating temperatures and movement, undergo sensorial changes [4] . After eight months of storage in cellar conditions (17 °C), the is almost a direct negative correlation between the Tropical Fruit and Vegetable attributes, which indicates that a wine which was rated highly for Tropical Fruit was simultaneously rated at a low value for the Vegetable attribute, and vice versa. Burnt Aroma, Earthy/Moldy and Honey/Marzipan attributes placed quite close to each other on this PCA, which indicates that when one of these attributes were rated at a high intensity, the other attributes were also rated highly. Similar groups with high positive correlation include the Vegetable and Oxidized attributes, and the Stone Fruit and Citrus Fruit attributes. It is the expected result that the various Fruit attributes would be positively correlated to each other, since fruity aromas can often be from similar chemical compounds (esters) which are present at the same time in wines [15] . Furthermore, Robinson (2010) showed that there was a negative correlation between tropical fruit and rubber aromas in their study of the impact of simulated transportation conditions on the sensory profile of Riesling wines. This finding is echoed here, as Fig. 10 shows that Tropical Fruit is in the positive direction of PC1 and Burnt Aroma-which included burnt rubber-is in the negative direction of PC1. It was also demonstrated in the previous study that the attributes of citrus fruit and vegetable/oxidation were negatively correlated, which is a trend seen in the Principal Component Analysis generated in this experiment as well [11] . the negative side of PC1, and therefore are also highly correlated with the attributes in the negative x direction. Fig. 11 also reveals that the Müller-Thurgau wines are highly correlated with the positive quadrants of PC1 and strong in Stone Fruit, Citrus Fruit, Tropical Fruit and Candy attributes, and negatively correlated with the Vegetable, Oxidized, Honey/Marzipan, Earthy/Moldy and Burnt aromas. The separation of the two varieties through sensorial analysis was expected however, it was predicted that there would also be separation of the wines according to experimental treatment, based on the fact that simulated transportation conditions have been shown to impact the sensory profiles of wines [11] . It was expected, based on previous work, that the wines associated with higher temperatures would be associated with oxidized and rubber aromas, while wines kept at low temperatures would maintain their citrus, floral and tropical fruit aromas. It was also anticipated that wines subjected to movement would have a higher oxygen level in the wine, and would therefore also reveal more oxidized aromas and decreased fruit aromas. Additionally, wines that were subjected to the diurnal fluctuations of temperature were expected to show higher oxygen levels than the linear treatment due to the pumping effect caused by thermal expansion and retraction. Comparing the experimental treatments to the Control Non-Movement wine, these predicted trends were not realized in this project. These differences in results could be due to the differences in temperature programs, the length of time the wines were exposed to high temperatures, or a result of the wines chosen for this project. This research found that the wines were more robust than expected. There were slight chemical and physical changes to the treated wines, however, the sensory profiles of young white wines were robust to transportation conditions, especially shortly after the experiment. Those sensorial differences which were found among the Müller-Thurgau wines are suggested to be associated with the expulsion of the corks during the heat treatments. This is a positive result for much of the international wine industry, particularly for those wineries which ship wine domestically and internationally. As future research, the wines should be re-evaluated after some time has passed in order to observe if these trends reveal themselves with 
Conclusion
The 12 treatments showed differences amongst themselves when evaluated for colour intensity, density, extract, sugar free extract, glycerin, tartaric acid, free sulfur dioxide, total sulfur dioxide and percent cork weight loss. One month after the simulated transport conditions, the triangle tests revealed that there was a sensorial difference between the DM Scheurebe wine and the control. However, this result was not repeated when the wines were re-evaluated after eight months storage. The Müller-Thurgau wines showed differences associated with the DNM treatment in triangle tests after eight months of cellaring which may be associated with the corks being expelled and recorked early in the temperature program. The DA panel showed that the wines could only be differentiated according to variety, rather than experimental treatment. This indicates that the simulated transportation conditions did not have a significant sensorial impact on the wines. For an industry where young white wines are regularly subjected to shipping conditions like the ones simulated in this project, this is a benefit. It has been shown that while there are slight chemical and physical changes to the wines during shipping, the sensory profiles of young white wines are robust to transportations conditions, especially if consumed within a short period of time. Pressure change correlated with the temperature program: Linear +0.04 bar/°C, Diurnal +0.08 bar/°C. Patterns of oxygen uptake differed among the treatments, as the movement of the bottles caused a spike in the wine oxygen levels. Colour intensity increased in all treated wines compared to control. Future recommendations are to investigate these wines after more time has elapsed to see if the chemical changes in the wines eventually manifest as sensorial changes, and to investigate the impact of these simulated transportation conditions on other varieties and styles.
